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(57)Abstract: 

PURPOSE: To prevent dispersion associated with 
counting measurement to stably measure distances and 
velocities by using the current peak frequency when it is 
within a specified range around the previous frequency 
or the previous frequency when it is not within that 
range. 

CONSTITUTION: A frequency analysis part 41 analyzes 
the frequency of beat signals to determine the 
respective peak frequencies of the rising and falling 
sides of modulated frequencies. A comparison part 43 
compares a peak frequency most recently entered with 
the previous frequency read out from a storage part 42 
to use the current peak frequency to determine 
distances and velocities when it is within a specified 
range around the previous frequency or the previous 
frequency when it is not within that range. This 
constitution allows distances and velocities to be stably 
determined even if the results of the analysis of beat 
signals are scattering since the peak frequency is 
determined based on a captured target. 
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(57) [Abstract] 

[Objects of the Invention] This invention performs frequency modulation 
to the sending signal of a continuous wave radar, and faces it receiving 
the reflective signal from a target to coincidence, and measuring 
distance and a rate, and, for variation and this reason, the peak 
frequency of the beat signal measured by the noise etc. carries out the 
purpose for distance and a rate preventing becoming unstable. In this 
invention, the signal processor especially to two or more targets is 
mentioned. 

[Elements of the Invention] In a millimeter wave radar distance rate 
measuring device, carry out frequency analysis of the beat signal, and 
are a rise [ of the frequency of frequency modulation ], and descent 
side, and it asks for a peak frequency, respectively. When this peak 
frequency is in the range of the predetermined width of face centering 
on the last number wave number of peak peripheries and this peak 
frequency cannot be found [ frequency / this / peak ] in the range of 
the above-mentioned predetermined width of face in distance and a rate, 
the last peak frequency is used in order to derive distance and a rate. 
About the peak frequency by the side of the rise over two or more 
targets, and descent, it asks similarly. This frequency is predicted 
seting a rate while measuring as constant, and this is used as last peak 
frequency. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the millimeter wave radar distance rate measuring device 
which performs frequency modulation to the sending signal of the sending 
signal of a continuous wave radar, carries out repeatedly suitably, and 



finds distance and a rate from the beat signal of an input signal and a 
sending signal Carry out frequency analysis of said beat signal, and are 
a rise [ of the frequency of said frequency modulation ], and descent 
side, and it asks for a peak frequency, respectively. When this peak 
frequency is in the range of the predetermined width of face centering 
on the last peak frequency The millimeter wave radar distance rate 
measuring device characterized by using this last peak frequency in 
order to derive distance and a rate when this peak frequency is used in 
order to derive distance and a rate, and this peak frequency cannot be 
found in the range of the above-mentioned predetermined width of face. 
[Claim 2] When this peak frequency is in the range of the predetermined 
width of face centering on this last number wave number of peak 
peripheries about the peak frequency by the side of the rise over two or 
more targets, and descent The millimeter wave radar distance rate 
measuring device according to claim 1 which uses this last peak 
frequency in order to derive distance and a rate when this peak 
frequency is used in order to derive distance and a rate, and this peak 
frequency cannot be found in the range of the above-mentioned 
predetermined width of face. 

[Claim 3] A rate while measuring this peak frequency and this last 
number wave number of peak peripheries is set constant. When this 
frequency is predicted, this frequency is compared with this forecast 
and this peak frequency is in the range of this predetermined width of 
face centering on this last number wave number of peak peripheries The 
millimeter wave radar distance rate measuring device according to claim 
1 which uses this last peak frequency in order to derive distance and a 
rate when this peak frequency is used in order to derive distance and a 
rate, and this peak frequency cannot be found in the range of the above- 
mentioned predetermined width of face. 

[Claim 4] The millimeter wave radar distance rate measuring device 
according to claim 3 which finds this distance and rate by line type 
prediction, respectively from two or more past distance and rates which 
were obtained from the beat signal of an input signal and a sending 
signal, and guesses the prediction peak frequency by the side of this 
rise and descent from this distance and rate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the millimeter wave 
radar distance rate measuring device for performing frequency modulation 
to the sending signal of a continuous wave radar, receiving the 
reflective signal from a target to coincidence, and measuring distance 
and a rate. For variation and this reason, the peak frequency of the 
beat signal measured [ especially ] by the noise etc. by this invention 
carries out the purpose for distance and a rate preventing becoming 
unstable. 
[0002] 

[Description of the Prior Art] As a technique about the millimeter wave 
radar distance rate measuring device of such [ conventionally ] a field, 
there were some which were indicated by the "radar technique" 
(corporation: Institute of Electronics, Information and Communication 
Engineers). When frequency modulation is performed to the sending signal 
of the sending signal of a continuous wave radar, it carries out 
repeatedly suitably and an input signal and a beat are taken, beat 
frequency f is f=4 R-fm-delta f/c. — (l) 

It can express by carrying out. In the distance to a target, and fm, the 
repeat frequency of frequency modulation and deltaf express frequency 
deviation width of face, and, as for R, c expresses the velocity of 
light here. Therefore, if beat frequency f is obtained, the distance to 
a target will be found. 

[0003] Next, the Doppler frequency fp is overlapped on the beat signal 
frequency f in the case of the target which fixed the beat signal 
frequency f by the relation between a sending signal and an input signal 
according to the Doppler effect when the target was moving, the 
direction changes a rise (up) or descent (down) by turns for every 
modulation cycle, and they are fp=2 and fO.V/c about the Doppler 
frequency fp. — (2) 



When fO expresses with transmitted center frequency the point size of 
fO=N/fs and N : FFT (fast-Fourier-transform machine), fs:sampling 
frequency, and relative velocity with V:target and is **( e d) with it 
here, a beat signal' s rise side and descent can express the frequency of 
** as follows to a target. 
[0004] fu(up) =f-fp — (3) 
fd(down) =f+fp — (4) 

Therefore, it is if fu (up) and fd (down) are separately measured for 
every half cycle of a modulation. f= {fu(up)+fd (down)}/2 — (5) 
fp= (fu(up)-fd (down)}/2 — (6) 

It can carry out, and a signal can be processed, namely, a target 
distance and a target rate can be separately found from this f and fp, 
respectively. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, in the 
conventional millimeter wave radar distance rate measuring device, when 
a target was single, in order that the wave of an above-mentioned beat 
signal might make a sine wave, pulse count of this beat signal was 
carried out, and distance etc. was measured every dozens msec(s). 
However, the problem that variation arises [ the above-mentioned sine 
wave by the number of the targets which will move if it calculates only 
by the live data of a moment and a moment although it is used carrying 
the conventional millimeter wave radar distance rate measuring device in 
an automobile and a measurement result is taken out ] in the measurement 
result of this beat signal according to distortion and the reflective 
condition in a target, and a rate and a distance display become unstable 
is **. 

[0006] therefore, this invention — the above-mentioned technical 
problem — taking an example — counting of a beat signal — it aims at 
offering the millimeter wave radar distance rate measuring device which 
prevents variation to measurement and can display distance and a rate on 
stability. 
[0007] 

[Means for Solving the Problem] In order to solve said trouble, this 
invention performs frequency modulation to the sending signal of the 
sending signal of a continuous wave radar, performs it repeatedly 
suitably, carries out frequency analysis of said beat signal using a 
fast-Fourier-transform machine (FFT) in the millimeter wave radar 
distance rate measuring device which finds distance and a rate from the 
beat signal of an input signal and a sending signal, is a rise [ of the 
frequency of said frequency modulation ], and descent side, and asks for 



a peak frequency, respectively. This peak frequency analysis is 
continuously performed for every modulation period. When this peak 
frequency is used in order to derive distance and a rate when this peak 
frequency is in the range of the predetermined width of face centering 
on the last number wave number of peak peripheries, and this peak 
frequency cannot be found in the range of the above-mentioned 
predetermined width of face, this last peak frequency is used in order 
to derive distance and a rate, moreover, when this peak frequency is in 
the range of the predetermined width of face centering on this last 
number wave number of peak peripheries similarly about the peak 
frequency by the side of the rise over two or more targets, and descent 
When this peak frequency is used in order to derive distance and a rate, 
and this peak frequency cannot be found in the range of the above- 
mentioned predetermined width of face, this last peak frequency is used 
in order to derive distance and a rate. Furthermore, a rate while 
measuring this peak frequency and this last number wave number of peak 
peripheries is set constant. When this frequency is predicted, this 
frequency is compared with this forecast and this peak frequency is in 
the range of this predetermined width of face centering on this last 
number wave number of peak peripheries When this peak frequency is used 
in order to derive distance and a rate, and this peak frequency cannot 
be found in the range of the above-mentioned predetermined width of face, 
this last peak frequency is used in order to derive distance and a rate. 
Conversely, this distance and rate are found by line type prediction 
from two or more past distance and rates, respectively, and you may make 
it predict the peak frequency by the side of this rise and descent from 
this distance and rate. 
[0008] 

[Function] When this peak frequency is in the range of the predetermined 
width of face centering on the last number wave number of peak 
peripheries according to the millimeter wave radar distance rate 
measuring device of this invention When this peak frequency is used in 
order to derive distance and a rate, and this peak frequency cannot be 
found in the range of the above-mentioned predetermined width of face 
Once the result of FFT of a beat signal catches a target also for rose 
TSUITE under the effect of a noise etc. by using this last peak 
frequency in order to derive distance and a rate, the distance and the 
rate which were stabilized in order to take correspondence for a peak 
frequency on the basis of it can be obtained. Moreover, the information 
that the same target is caught can also be acquired. By making it the 
same also about the peak frequency by the side of the rise over two or 



more targets, and descent, the distance and the rate which were 
stabilized to all the peak frequencies caught by FFT can be derived. 
Furthermore, since this frequency is predicted seting a rate while 
measuring this peak frequency and this last number wave number of peak 
peripheries as constant and it was made to compare this frequency with 
this forecast Since the peak frequency in the meantime is predicted even 
if the last peak frequency is continuously stabilized by rose TSUITE 
with a forecast in a noise etc. and a noise etc. is lost after that, 
this peak frequency is caught in the range of the above-mentioned 
predetermined width of face, also after that, it is stabilized, and 
distance and a rate can be offered. Predictability improves by 
predicting the peak frequency by the side of this rise and descent from 
two or more past distance and rates. 
[0009] 

[Example] The example of this invention is explained with reference to a 
drawing below. Drawing 1 is drawing showing the whole millimeter wave 
radar distance rate measuring device configuration concerning the 
example of this invention. The millimeter wave radar distance rate 
measuring device shown in this Fig. The sensor 1 which transmits the 
continuous wave signal of a triangular wave modulation, mixes this and 
the input signal reflected by the target, and forms a beat signal, The 
low pass filter 2 from which a high region signal is removed so that the 
signal of this sensor 1 may not start a clinch when it samples, The A/D 
(Analog to Digital Converter) converter 3 which changes the analog 
signal from this low pass filter 2 into a digital signal, It is DSP 
(Digital Signal Processor) in order to carry out frequency analysis of 
the beat signal changed into the digital signal from this A/D converter 
3 and to process to the signal of distance and a rate. The signal- 
processing section 4 constituted, The controller 5 which performs 
control for displaying the distance and rate data which were obtained in 
this signal-processing section 4, and the display 6 which displays the 
data controlled by this controller 5 are included. 

[0010] Drawing 2 is drawing showing formation of the output signal of 
the sensor of drawing 1 . As the continuous line of this Fig. (a) shows, 
the sending signal of continuation of a triangular wave modulation is 
transmitted from a sensor 1, and the signal reflected by the target as a 
dotted line showed is received by the sensor 1. As furthermore shown in 
this Fig. (b), it is formed with the mixer which is the rise side of a 
triangular wave modulation, and is a beat signal fu and descent side, 
and the beat signal fd does not illustrate. In addition, the notation 
used for this Fig. and the sign are the same as that of what was 



explained with the conventional technique. 

[0011] Drawing 3 is drawing showing the configuration of the signal- 
processing section shown in drawing 1 . The frequency-analysis section 
41 which analyzes the frequency of the beat signal from this A/D 
converter 3 by FFT (fast-Fourier-transform machine) at spacing which 
this signal-processing section 4 set to the unit time amount 1/fm about 
the repeat frequency fm of frequency modulation as shown in this Fig. , 
The storage section 42 which memorizes the peak frequencies Au and Ad by 
the side of the rise which it is as a result of [ of the beat signal 
which was analyzed in this frequency-analysis section 41, and was 
searched for ] analysis, and descent, The comparator 43 which compares 
the peak frequency from this frequency-analysis section 41 with the last 
peak frequency of this storage section 42, and the switch section 44 
which outputs the output signal from this storage section 42 when the 
signal from this frequency-analysis section 41 is usually outputted and 
there is a control signal from this comparator 43 are included. 
[0012] Drawing 4 is the flow chart of signal processing by the signal- 
processing section shown in drawing 3 . As shown in this Fig. , a peak 
frequency is called for in this frequency-analysis section 41 (step 1), 
and renewal of storage of this peak frequency is carried out in this 
storage section 42 (step 2). It judges whether Au (T) inputted this time 
from this frequency-analysis section 41 and Ad (T) are compared with Au 
(T-l) and Ad (T-l) which were inputted last time from this storage 
section 42, and the following type is filled with this comparator 43. 
[0013] 

Au(T-l)-delta<=Au (T) <= Au(T-l) +delta — (7) 
Ad(T-l)-delta<=Ad (T) <= Ad (T-l) +delta — (8) 

T is time amount measured by the above-mentioned unit time amount 1/fm 
here. Furthermore, as long as delta is determined in consideration of 
this variation of Au (T) and Ad (T) and the noise which may change "Be 
alike if a target moves relatively between this unit time amount 1/fm", 
for example, converts delta into distance, it may be set as about 2m 
(step 3). This responds to the distance to which a target moves the 
relative velocity between automobiles as lOOkm/and l-/fm=50msec in the 
meantime being equivalent to about 1.4m. If the above-mentioned formula 
is filled, Au (T) inputted into the latter part this time and Ad (T) 
will be sent out (step 4). Conversely, if the above-mentioned formula is 
not filled, Au (T) inputted this time, Au (T-l) inputted last time 
instead of Ad (T), and Ad (T-l) are sent out to the latter part by this 
switch section 44 (step 5). In this case, in this storage section 42, 
instead of this Au (T) and Ad (T), Au (T-l) and Ad (T-l) are memorized, 



and it becomes the criteria of the next comparison. 
[0014] Drawing 5 is drawing showing the condition of the signal 
processed with the flow chart of drawing 4 . if it summarizes explaining 
only a rise side and referring to this Fig. , in order to make the above- 
mentioned signal processing easy to understand and this Fig. has this 
signal in predetermined width of face as compared with the last signal - 
- this signal — the right and decision — it excepts noting that it is 
influenced of the noise, if this signal cannot be found in predetermined 
width of face, although this is used. Therefore, once a target is caught, 
since correspondence of the peak of a frequency is taken on the basis of 
it, it is stabilized, and a result can be caught and the information 
that the same target is caught can also be acquired. 

[0015] Although aimed at the case where a target is single, in the above 
explanation, it is applicable even if it is the case where a target is 
plurality. The explanation is given to below. Targets A and B are caught 
at the time of t=T, and suppose that they were the peak frequency (Au, 
Ad), and (Bu, Bd). Drawing 6 is drawing showing the condition of the 
signal which is processed in the case of two or more targets. This Fig. 
shows the peak frequency by the side of a rise, the peak frequencies al 
and bl in t=T +1 are obtained, and it is Au (T). - Delta<=al<= Since 
Au(T)+delta is filled, the peak frequency al corresponds to Target A. 
Similarly, bl corresponds to Target B. Targets A and c3 are [ a2 / 
targets A and c2 ] equivalent to Target B at t=T +2 and the time of T+3 
for targets B and a3 below. Processing with the same said of a descent 
side is performed, and in order, supposing the things corresponding to 
xl, x2, y3, and Target B in the thing corresponding to Target A are yl, 
z2, and z3, it is as follows. 
[0016] 

t : T T+l T+2 T+3 Target A : (Au, Ad) (al, xl) (a2, x2) (a3, y3) 
Target B : (Bu, Bd) (bl, yl) (c2, z2) (c3, z3) 
By the upper type (5) and (6), f and fp are calculated in each 
combination, distance and a rate are stabilized from this, and it is 
obtained. Although bl and b2 which are in a rise side in drawing 6 do 
not belong to Targets A and B, either but they are understood also as a 
new target, since there is no peak frequency corresponding to a descent 
side, it is judged as a noise. In this way, by the former, although 
decision was difficult in to which target it belongs when there were two 
or more measured peak frequencies, it is stabilized by this example that 
it is a thing to the same target, and it could recognize. 
[0017] Although the above explanation compared this peak frequency and 
the last peak frequency directly, since this peak frequency is judged to 



be continuously based on a noise and the last peak frequency is not 
updated, there is a possibility that this peak frequency next may not be 
based on a noise, and a true thing may also stop also going into the 
range of Above delta. Therefore, this peak frequency is predicted as 
follows from the last peak frequency, and this forecast is compared with 
this peak frequency. 

[0018] From the above-mentioned formula (5) and (6), when direct 
distance and a rate are found, it is as follows. 
R= (c/(4anddeltaf)), (N/f s) , and (fu+fd) ~ (9) 
V=(c-fs)/(4, fO, and N), (N/fs), and (fu-fd) — (10) 

In addition, an underline part is normalized by FFT frequency resolution. 
[0019] Therefore, distance R and a rate V are omitted as follows, and 
can be expressed. 
R=a- (fu+fd) — (11) 
V=b- (fu-fd) — (12) 

a and b are constants obtained from (9) and (10) types here. 
a= (c/(4anddeltaf)) and (N/fs) — (13) 
b=(c-fs)/(4, f0, and N) (N/fs) ~ (14) 

Then, when the measuring time from last time to this time is set to 
deltat, seting a rate V as constant, distance R0 can be expressed with 
the following formula. 
[0020] R0= V-delta t+R — (15) 

Therefore, if the peak frequency by the side of the rise acquired this 

time and descent is set to ful and fdl, respectively, R0 and V will 

become the following formula. 

R0=a- (ful+fdl) -- (16) 

V=b- (ful-fdl) — (17) 

This = (ful+fdl) RO/a — (18) 

(ful-fdl) =V/b — (19) 

It is here. R0=a- (fu+fd) +deltat-b and (fu-fd) — (20) 
Therefore, (18) and (19) types ful=l/2- (R0-/a-V/b) 
= 1/2- (fu+fd+(b/a) -deltat- (fu-fd)) 
-(fu-fd)) 

= fu+(b/2a) -deltat- (fu-fd) - (21) fdl=l/2- (R0-/a+V/b) 
= 1/2- (fu+fd+(b/a) -deltat- (fu-fd)) 
+ (fu-fd)) 

= fd+(b/2a) -deltat- (fu-fd) — (22) These forecasts ful and fdl are 
made to calculate by the comparator 43 of drawing 3 , and you may make 
it compare this with this peak frequency as last peak frequency. The 
stability of measurement of the peak frequency to a target increases in 
this way. 



[0021] Next, a means to improve the precision of forecasts ful and fdl 
is explained. The change is small about the result which there is 
variation and should actually be obtained on the other hand under the 
effect of a noise etc. in the result of FFT of a beat signal. Therefore, 
a means to carry out filtering of the past data or the result by several 
blocks, and to aim at stability of measurement combining the data of the 
result is explained below. 

[0022] Drawing 7 shows the circuit which presumes the prediction speed 
signal V0 from the speed signal V acquired from (11) and (12) types. 
Four delay machines which carry out series connection since the circuit 
shown in this Fig. (a) consists of FIR filters and only the unit time 
amount 1/fm is delayed in a signal as an example, respectively, it 
connects with the output of each ******** — having — every — a total 
— several — it consists of a multiplier which has one fourth, and an 
adder adding the output of each ********, and as this shows to this Fig. 
(b), the speed signal V0 in T can be predicted from the speed signal of 
the past time amount T-4, T~3, T-2, and T-l. 

[0023] Drawing 8 shows the circuit which presumes the prediction 
distance signal R00 from the distance signal R0 acquired from (11) and 
(12) types. Four delay machines which carry out series connection since 
the circuit shown in this Fig. (a) consists of FIR filters and only the 
unit time amount 1/fm is delayed in a signal as an example, respectively, 
it connects with the output of the delay machine of a first stage, and 
the output of the delay machine of the last stage from an input side — 
having — every — a total — several, as it consists of a multiplier 
which has -1/3 and 4/3, and an adder adding the output of each ******** 
and this shows to this Fig. (b) As what has linearity, the data based on 
the past distance signal can predict the distance signal R00 in T in a 
short time from the speed signal of the past time amount T-4, T-3, T-2, 
and T-l. By calculating (16) and (17) to ful and fdl about the speed 
signal V0 and the distance signal R00 which were acquired by carrying 
out for coming, the precision of a forecast will improve further. 
[0024] • 

[Effect of the Invention] As explained above, when this peak frequency 
is in the range of the predetermined width of face centering on the last 
number wave number of peak peripheries according to this invention Since 
this last peak frequency was used in order to derive distance and a rate 
when this peak frequency was used in order to derive distance and a rate, 
and this peak frequency could not be found in the range of the above- 
mentioned predetermined width of face, a stable distance and the stable 
rate can be obtained. Moreover, the same effectiveness is similarly 



acquired to each target also about the peak frequency by the side of the 
rise over two or more targets, and descent. Furthermore, since distance 
and a rate were obtained like the above as this frequency was predicted 
seting a rate while measuring this peak frequency and this last number 
wave number of peak peripheries as constant and this frequency was 
compared with this forecast, stability increases. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the whole millimeter wave radar 
distance rate measuring device configuration concerning the example of 
this invention. 

[Drawing 2] It is drawing showing formation of the output signal of the 
sensor of drawing 1 . 

[Drawing 3] It is drawing showing the configuration of the signal- 
processing section shown in drawing 1 . 

[Drawing 4] It is the flow chart of signal processing by the signal- 
processing section shown in drawing 3 . 

[Drawing 5] It is drawing showing the condition of the signal processed 
with the flow chart of drawing 4 . 

[Drawing 6] It is drawing showing the condition of the signal which is 
processed in the case of two or more targets. 

[Drawing 7] (18) And the circuit which searches for the speed signal V 
used for (19) types is shown. 

[Drawing 8] (18) And the circuit which searches for the distance signal 
RO used for (19) types is shown. 
[Description of Notations] 
1 — Sensor 



2 — Low pass filter 

3 — A/D converter 

4 — Signal-processing section 

5 — Controller 

6 — Drop 

41 — Frequency-analysis section 

42 — Storage section 

43 — Comparator 

44 — Switch section 
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